The distribution of lethal genes on the second chromosome in natural populations of D, melanogaster has been analyzed by Paik (1960) and Seto (1963) .
the chromosome.
In the present study, individual loci of seventy-six lethal genes, including persistent ones, were determined by crossing-over values from three dominant marker genes. Their loci on the genetic map were found to be distributed non-randomly, much similar to the cases of recessive visible mutants, described in Bridges and Brehme's book (1944) . From these results, it seems safe to conclude that all the single lethal genes analyzed in this experiment, had appeared by mutation of different major genes. However, some clustering tendency was also to be recognized at the proximal part (55.0-57.0) of the right arm, where most lethal genes were associated with In(2L)B. This paper deals with the mechanisms of persistence of lethal genes in natural populations. Besides, the part played by heterotic inversions on the persistence of lethal genes will be considered.
MATERIALS AND METHODS
A total of 120 second chromosomes carrying recessive lethal genes (94: natural, 26: spontaneous) were used in this experiment. These lethal chromosomes have been maintained individually by Cy balanced system, and most of the lethal genes located on them were ascertained to be non-allelic with each other by allelism test. To estimate the distance between Bl and the lethal gene, the total numbers of four kinds of the flies of the phenotypes, L + SpL + Sp + wild-type were divided by the grand-total flies, which gave 2.6. On the other hand, the distance between L and the lethal gene was estimated as 8.5 in a similar way. As the map units between Bl and L is 17.2, the locus of the lethal gene was determined as 58.8 (Table 1) .
About 2,300 F2 flies were counted each time for determining the locus of the lethal gene.
The results of replicated experiments showed variation not exceeding + 1.3 crossover unit, when the lethal gene was located between Sp and L.
However, if the gene was located outside of the length, either left of Sp or right of L, the value exceeded + 3.3 cross-over unit.
If a tested chromosome did not carry any other deleterious genes than a single lethal gene, the rate of non-Cy flies over Cy flies in the F2 offspring would be expected as 0.5. So, the rate of reduction from this rate may be ascribed to some other deleterious genes on the chromosome. The mean of those rates in natural lethals was 0.40, Table 2 with the standard one.
Crossing-over values between marker genes in 1(2)220 heterozygotes have been estimated as follows ;
Then the lethal chromosome was assumed to be standard which have no inversion.
The experiments were carried out at 27.5°C. A total of 284,185 flies were scored for determining the loci of 120 lethal chromosomes.
EXPERIMENTAL RESULTS
Location of natural lethal genes on the second chromosome : Allelism tests for 76 natural lethal mutations were performed before the location experiment and they were ascertained to be non-allelic with each other. The loci of the lethal genes are shown in Table 3 . Three lethal genes 1(2)229, 1(2)252 and 1(2)261 were found to be included in the inversions, but their loci could not be determined. Eighteen other lethal chromosome were confirmed to have multi-locus lethals (two or more lethal genes on a chromosome), and seven of them (1(2)116, 1(2)117, 1(2)118, 1(2)269, 1(2)272, 1(2)301a, 1(2)303) had each two different lethal genes. These lethal genes could be confirmed by allelism test using these chromosomes and their corresponding single lethal chromosomes. Eleven other lethal chromosomes also seemed to contain two or more lethal genes, though, some of them (open circles in Fig. 3 ) could T. K, WATANAEE AND C. OSHIMA not be located precisely, because their allelic lethal genes were not found chromosomes. Two lethal genes located on the same chromosome were except together for 1(2)301a and 1(2)301b.
Location of spontaneous lethal genes : Twenty-six loci of spontaneous determined by the same method ; the results are represented in was found in these chromosomes. The distribution of these lethal genes on the genetic map was random (Fig. 2) .
When and also on In(2R)C chromosome (see Table 3 ). Histograms of lethal genes located on the standard and inversion chromosomes, as a whole, were not significantly different, but a clustering tendency on the proximal part of the right arm (55-60) of inversion chromosome was rather marked. very close to the centromere; thus, they failed to ascertain the random distribution of the lethals.
Our finding seems to sustain the view that the distribution pattern of these spontaneous lethal genes is essentially random (Fig. 2 top) , although the number of the loci (N=26) was not quite sufficient for the decision. Nafei and Auerbach (1964) located 126 formaldehyde-induced lethals on the geneic map of the second chromosome, and confirmed the distribution to be not at random (P=0.03). However, the mode of distribution of these induced lethals differed from that of natural lethals which had a great peak at the proximal region of the right arm. Evidently the lethals extracted from natural and cage populations, had been under natural selection for some generations. The spontaneous and induced lethals such as mentioned above, had not had such experiences. If any difference be found between the distributions of natural and induced or spontaneous lethals, this might be ascribed to some effect of natural selection. Mukai and Burdick (1959) obseved that a natural lethal gene (55+ on the genetic map) had been maintained for many generations in the experimental population, by heterosis in female fecundity. Spiess et al. (1963) verified that seven lethals extracted from a cage population had been retained for four years, five of them were located near the centromere and the remaining two in the subterminal region of the left arm. As to natural lethal genes, Oshima (1962) and Oshima et al. (1964) reported that some lethal genes had maintained for several years, and one (1(2)-106) of them was found to be always associated with a paracentric inversion In(2L)A on the left arm, and its locus was determined to be 53.2 on the genetic map. Among lethals studied in this experiment, two lethal genes, 1(2)201 and 1(2)202, had been individ-ually maintained in the same population at least for two years. These lethal genes were kept in high frequency, and even several double lethal chromosomes having these lethal genes were obtained one year later. Other two lethals, 1(2)204 and 1(2)207, were isolated repeatedly from the same population in the successive two years, and they were proved to have been concealed in the same population for five years from 1959. Two of them, 1(2)201 and 1(2)207, were located near the centromere, but the remaining two, 1(2)202 and 1(2)204, were in the middle of the left arm. Many persistent lethal genes were found to be located in the middle region of the chromosome, but it could not be sufficiently demonstrated that the most lethals located in the middle region had always advantage for persistence in natural population.
The distribution pattern of sex-linked lethal genes on the X chromosome have been analyzed for chemically induced lethals by Slizynska and Slizynski (1943) , X-ray induced ones by Spencer and Stern (1948) , mutator hi and y-ray induced ones by Ives (1959) , tritiated thymidine induced ones by Kaplan et al. (1961) and formaldehyde induced ones by Nafei and Auerbach (1961) . Those sex-linked lethals seemed to be distributed nonrandomly on the genetic map, and their distribution patterns showed mutual resemblance. Slizynska and Slizynski (1947) reported that the distribution of chemically induced lethal genes on the X chromosome was similar to that of visible sex-linked mutant genes described in Bridges and Brehme's book (1944) . The histogram of visible mutant genes on the second chromosomes was made with materials described by Bridges and Brehme (1944) and given in Fig. 5 . It seems to be admitted that the distribution pattern is much similar to that of natural lethal genes (Fig. 2 bottom) in showing a high peak in the central short region.
A remarkable cluster is observed at the proximal end of the right arm, namely 55 on the map unit in both lethal and visible mutants. Such tendency might be caused by the existence of a region liable to mutation near the heterochromatin.
From such a similarity as this, it might be safely said that every major gene is liable to lethal mutation. Tano (1966) found 9 lethal genes clustering in a small region of 55.1 on the second chromosome. The length of this region was estimated to be 0.00876 map unit by the recombination analysis among these lethals.
The role of inversions : Several kinds of inversions have been maintained in high frequency in Japanese natural populations. Two common inversions (In(2L)B, In(2R)C) on the second chromosome seem to play an important role for persistence of lethal genes namely, 1) some persistent lethal genes had been associated with one of these common inversions for a long time, 2) most of the lethal genes located in the central region of the chromosome had been associated with one of these inversions.
As to the relationship between persistent lethals and inversions, Oshima (1965) suggested that the lethal chromosome might cause heterosis through an epistatic gene complex including the lethal gene and the inversion. If a lethal gene occurredd within the epistatic gene complex, the linkage between the lethal gene and the inversion could rarely be broken, and the lethal gene would be maintained in natural populations being exempt from the force of natural selection. Thompson (1960) 3. Other eighteen lethal chromosomes seemed to have multilocus-lethals (two or three lethal genes on a chromosome).
4. Twenty-six loci of the spontaneous lethal genes, which had not been through the force of natural selection, were also determined by the same method. Their distribution on the chromosome was apparently at random ; 8 loci being in the left, 7 loci in the middle, and 11 loci in the right region.
5. The apparent non-random distribution of the natural lethal genes is difficult to understand in view of the location of most persistent lethal genes near the centromere ;
it is more likely that loci liable to natural mutation are distributed non-randomly on the second chromosome.
6. Six second-chromosome inversions were found to be associated with the natural lethals.
No inversion could be detected in association with the spontaneous lethals.
The role of inversions in natural populations are discussed from the view-point of maintenance and occurrence of lethal genes.
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